6
where Q i,j p are the emissions of pollutant p on road segment i at moment j, g/h; EF c,v p 1 is the emission factor of pollutant p for vehicle category c at speed v, g/km; VT c,i,j is 2 the traffic volume of category c on road i at moment j, veh/h; L i is the length of road 3 i, km. The total urban emission is the sum of the vehicle emissions on all roads. 4
There are three necessary elements for the model: emission factors, vehicle activity and 5 road segment information. Emission factors are based on the mass of the laboratory 6 measurement and the on-road measurement data. The vehicle activity included traffic 7 volume, average speed and fleet composition on the entire road segment. Road 8 information consists of road length, line number and road type (including freeway, 9 artery road, collector road and local road) of each road segment. In terms of the traffic 10 speed on this segment, the road has been divided into fine segmentations and was 11 grouped as urban freeway, artery road, or local road (a local road consists of collector 12 roads and residential roads because of the little differences between them in Beijing). 13
Emission factors 14
It is widely known that vehicle emission rates are largely related to vehicle 15 characteristics, including vehicle classification, utilization parameters, operating 16 conditions, and environmental conditions. The vehicle characteristics comprise vehicle 17 category, fuel type and vehicle emission control level; the utilization parameters 18 involve vehicle age, accumulated mileage, inspection and maintenance; the operating 19 conditions includes cold or hot starts, average vehicle speed and the influence of driver 20 behaviour; the environmental conditions include ambient temperature, humidity and 21
altitude. 22
Due to the significant differences among different vehicle classification, the emission category was classed as a light duty vehicle (LDV), middle duty vehicle (MDV), heave 2 duty vehicle (HDV), light duty truck (LDT), middle duty truck (MDT), heavy duty 3 truck (HDT), bus or taxi; 2) fuel type was classified as gasoline, diesel or other (e.g., 4 liquefied natural gas or compressed natural gas); 3) vehicle emission control levels were 5 classified as Pre-China I, China I, China II, China III, China IV and China V, which 6
were respectively equivalent to Pre-Euro, Euro I, Euro II, Euro III, Euro IV and Euro 7 V. 8
The emission factors were corrected by the widely used emission factors of and longitude while moving and send those data back to an information centre via on-7 board wireless transmission equipment. In this research, the floating car data were 8 processed to calculate the average speed following the steps below: 1) the unqualified 9 data of each transfer interval longer than 150 seconds at speeds over 120 km/h were 10 filtered; 2) the position data from floating car within the road segment was fixed by the 11 map algorithm by matching and route estimation; 3) the single vehicle speed was 12 calculated by the travel length divided by the travel time, 4) the single vehicle speed on 13 the same road segment within an hour were averaged to find the average running speed 14 value. Therefore, the hourly average running speed on each road segment is obtained 15 from the floating car data collection and processing. The average vehicle running speed 16 is one of the important parameters of traffic data, which is utilized to estimate traffic 17 flow. 18
Traffic flow from speed 19
The traffic volume was estimated by the average speed based on the relationship 20 between the traffic speed and volume. The relationship between the traffic speed and 21 volume and the same speed-flow model was established using models such as the 22
Greenshields model, the Greenberg model and the Underwood model (Wang, 2013; 23 Hooper, 2014). 24
According to the traffic volume observed by the video identification data and traffic 25 speed estimated by floating car data, the speed-flow model for the traffic in Beijing was 26 9 designed on every road segment and was grouped into three road types including the 1 urban freeway, artery roads and local roads. In this study, Greenshields, Greenberg, and 2
Underwood models was fitted respectively for three road types. The Underwood model 3 was used because of the best goodness of fit (R2) among these models. 4
where V is the traffic volume at speed , veh/h; is the traffic speed, km/h; is 6 the best fitting traffic density, veh/km; is the free-speed, km/h. and were 7 determined by fitting the Underwood model based on the video identification data and 8 the floating car data from the different road types. 9
Vehicle fleet composition 10
Considering the significant emission differences between different vehicles, more 
Results and Discussions 15

Traffic characteristics in Beijing 16
Traffic speed, traffic volume and fleet composition show the main characteristics of 17 vehicle activities that quantify vehicle emissions in Beijing. According to the floating 18 GPS car data, the hourly average traffic speed fluctuates at different times throughout 19 the day but shows similarity for the different road types. The daily average traffic speed 20 on weekdays is close to the weekend speeds, as illustrated in Fig. 3 ; however, the trends 21 of hourly traffic speed on the urban freeway and the artery roads changes significantly 22 from weekdays to weekends. There are two low-speed valleys on weekdays during the 23 early and afternoon peak hours at approximately 8 a.m. and 6 p.m. (GMT +8), 24 respectively. On weekends, the early valley period appears two hours later, and the late 25 10 valley period appears one hour early than on weekdays. The traffic speed is lower than 1 that on weekdays during the off-peak hours. For the local road, the variation of traffic 2 speed is similar between weekdays and weekends. 3
The traffic volume of vehicles contributes significantly to influence pollutant emissions. 4
As shown in Fig. 4 , the average daily traffic volume on weekdays is close to the traffic 5 volume on weekends. However, the variation tendencies display a different picture 6 during different moments between weekdays and weekends. The overall traffic volume 7 changes dramatically at different times during a day, and two obvious peaks of traffic 8 volume appear at 8 a.m. and 6 p.m. On weekends, the early peak period appears two 9 hours later, and the late peak period appears one hour early than on weekdays: the 10 variation extent around the traffic volume peak is significantly lower than on weekdays. 11
The contributions to emission vary significantly based on different types of vehicles. 12 Therefore, the fleet composition is a major factor affecting the release of emissions, as 13 showed in Table 1 . 14
Vehicle emission inventory 15
Emission inventory 16
Using the methodology descried above, a high temporal-spatial resolution vehicle 17 emission inventory (HTSVE) was established in this study. The total daily emissions 18 of each road, which is a sum of emissions during a 24 hour period, is shown in Table 2 . contribute to the highest emissions. Although the urban freeway length is 2169 km 25 accounting for 22% of total length of roads in Beijing, the emissions of the urban 26 11 freeway account for more than 38% of the total emissions, which is a little lower than 1 the artery roads for each type of pollutant. The local road emissions are lower than those 2 on the urban freeways and artery roads; although, the length of local roads is the longest 3 in Beijing (approximately 38% of the total length of roads). 4
The spatial distributions of emissions among the night, off-peak hours, morning and 5 afternoon peak hours are illustrated in Fig. 5 . With the assistance of ArcGIS, vehicle 6 emissions are estimated at a 1 km × 1 km resolution for the Beijing urban area. The 7 emission intensity of vehicles decreases from the centre to the periphery of the city with 8 a radiating structure during the night, off-peak, morning and afternoon peak hours. The 9 reason for the high emissions at the city centre is mainly caused by the high traffic 10 volume and low vehicle speed. In the surrounding areas of Beijing, the high emissions 11 are mostly distributed in the areas including the urban freeways and the major 12 intersections. 13
As illustrated as The emission intensity of 8 to 9 a.m. and 5 to 6 p.m. is much higher than for the rest of 20 day because of high traffic volume during those times. Due to serious traffic congestion, 21 vehicles emit more pollutants when they operate at low speed with frequent 22 accelerations, decelerations and in idle mode. 23
Temporal variation in emissions 24
According to the emission factors and vehicle activities, the vehicle emission 25 inventories model mentioned above was used to calculate the pollutant emissions rate. 
Spatial variation in emissions 10
As a result of the vehicle emission inventories model, the spatial distribution of 11 emissions has a strong correlation with the location of Beijing. Table 3 
